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(54) MEMBER TO BE EXPOSED TO HIGH TEMPERATURE, AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a member to be exposed to 
high temperature, which is free from degradation of high temperature 
strength attendant on deficiency of Ni and Cr due to diffusion of 
undercoat components, cracking and local breakage caused by 
thermal fatigue, reduction in adhesion of inner film, dissipation of a 
heat shielding action of topcoat and peeling of the topcoat and has 
prolonged service life. 
ta> SOLUTION: An undercoat 2 of chromium carbide type cermet, 

2 composed essentially of Cr2C3 and having high thermal conductivity 
in addition to excellent adhesion and heat resistance, is applied by a 
thermal spraying process to the high-temperature-side surface of a 
base material 1 made of heat resistant alloy in which one side is 
forcedly cooled and the other side is exposed to high temperature. 
Further, a topcoat 4 of Zr02 ceramics or MCrAlX alloy is formed on 
the above, by which a composite hot-melt-splay-coating is formed. 

* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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CLAIMS 

[Claim(s)] 

[Claim 1]An elevated-temperature exposure member having a composite-spraying coat characterized by 
comprising the following. 

An under coat which becomes the surface by the side of an elevated temperature of a substrate with which 
one field is cooled and a field of another side is put to an elevated temperature from a chromium carbide 
system cermet-spraying coat which uses Cr 3 C 2 as the main ingredients. 

Topcoat which consists of a Zr0 2 system ceramic thermally sprayed film containing a crystal stabilization 
ingredient formed on the under code. 

[Claim 2]An elevated-temperature exposure member having a composite-spraying coat characterized by 
comprising the following. 

An under coat which becomes the surface by the side of an elevated temperature of a substrate with which 
one field is cooled and a field of another side is put to an elevated temperature from a chromium carbide 
system cermet-spraying coat which uses Cr 3 C 2 as the main ingredients. 

Topcoat which consists of an MCrAlX alloy (however, M any one or more sort [ of nickel, Co, and the Fe ] 
and X any one or more sorts of Y, Hf, Ta, Cs, Pt, Ce, Zr, La, Si, and Th) thermally sprayed film formed on the 
under code. 

[Claim 3]In advance of construction of an under coat to the surface by the side of an elevated temperature 
of the above-mentioned substrate, to this base material surface, beforehand, The elevated-temperature 
exposure member according to claim 1 or 2 providing a primer coat of nickel, Co(es), and those alloys by a 
method of either electroplating, a nonelectrolytic plating method, PVD or a CVD method. 
[Claim 4]The elevated-temperature exposure member according to claim 1 or 3 making an internal layer 
which consists of a thermally sprayed film of an MCrAlX alloy intervene between the above-mentioned 
under coat and the above-mentioned topcoat. 

[Claim 5]The above-mentioned internal layer is an MCrAlX alloy (however, nickel, Co, and Fe any M [ one or 
more sorts of].). The elevated-temperature exposure member according to claim 4, wherein X is Y, Hf, Ta, 
Cs, Pt, Ce, Zr, La, Si, and the layer produced by everything of Th but any one or more sorts by carrying out 
thermal spraying of the thermal spray material containing a Zr0 2 system cermet which contains a crystal 
stabilization ingredient further. 

[Claim 6]The elevated-temperature exposure member according to claim 5, wherein content of a Zr0 2 
system cermet contained in the above-mentioned internal layer considers it as inclination combination 
which increases gradually toward the upper layer. 

[Claim 7]An elevated-temperature exposure member given in any 1 paragraph of claims 1-6 being cermets 
characterized by comprising the following. 

Any one or more sorts of chromium carbide in which the above-mentioned under coat thermally sprayed 
film is chosen from among Cr 3 C 2 , Cr 7 C 3 , and Cr 23 C 6 . 

Any one or more sorts of metal chosen from Cr, W, Nb, Ta, nickel, Co, and Si, or its alloy. 
[Claim 8]The above-mentioned topcoat thermally sprayed film in Zr0 2 ceramics, The elevated-temperature 
exposure member containing any one or more sorts of crystal stabilization ingredients chosen from 5 - 
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40wt% of Y 2 O s , CaO, MgO, and Ce0 2 according to claim 1 or 4. 

[Claim 9]Carry out thermal spraying of the chromium carbide system cermet-spraying material which uses 
Cr 3 C 2 as the main ingredients to the surface by the side of an elevated temperature of a substrate with 
which one field is cooled and a field of another side is put to an elevated temperature in the atmosphere or 
atmosphere which does not contain oxygen substantially, and it ranks second to it, By carrying out thermal 
spraying of the Zr0 2 system ceramics containing one or more sorts of oxides moreover chosen from Y 2 0 3 , 
CaO, MgO, and Ce0 2 , A manufacturing method of an elevated-temperature exposure member forming a 
composite-spraying coat which consists of an under coat of a chromium carbide system cermet, and 
topcoat of Zr0 2 system ceramics. 

[Claim 10]Carry out thermal spraying of the chromium carbide system cermet-spraying material which uses 
Cr 3 C 2 as the main ingredients to the surface by the side of an elevated temperature of a substrate with 
which one field is cooled and a field of another side is put to an elevated temperature in the atmosphere or 
atmosphere which does not contain oxygen substantially, and it ranks second to it, Moreover, it is an 
MCrAlX alloy (however, nickel, Co, and Fe any M [ one or more sorts of].). X Y, Hf, Ta, Cs, Pt, Ce, Zr, La, Si, 
and any one or more sort thermal spray material of Th by carrying out thermal spraying in the atmosphere or 
atmosphere which does not contain oxygen substantially, A manufacturing method of an 
elevated-temperature exposure member forming a composite-spraying coat which consists of an under 
coat of a chromium carbide system cermet-spraying coat, and topcoat of an MCrAlX alloy thermally 
sprayed film. 

[Claim 1 1]Carry out thermal spraying of the chromium carbide system cermet-spraying material which uses 
Cr 3 C 2 as the main ingredients to the surface by the side of an elevated temperature of a substrate with 
which one field is cooled and a field of another side is put to an elevated temperature in the atmosphere or 
atmosphere which does not contain oxygen substantially, and it ranks second to it, Moreover, it is an 
MCrAlX alloy (however, nickel, Co, and Fe any M [ one or more sorts of].). X Y, Hf, Ta, Cs, Pt, Ce, Zr, La, Si, 
and any one or more sort thermal spray material of Th, By carrying out thermal spraying in the atmosphere 
or atmosphere which does not contain oxygen substantially, and carrying out thermal spraying of the Zr0 2 
system ceramic thermal spray material which contains a crystal stabilization ingredient on it further, A 
manufacturing method of an elevated-temperature exposure member forming a composite-spraying coat of 
a three-tiered structure which consists of topcoat of an internal layer of an under coat of a chromium 
carbide system cermet-spraying coat, and an MCrAlX alloy thermally sprayed film, and Zr0 2 system 
ceramics. 

[Claim 12]PVD from the above-mentioned MCrAlX alloy thermally sprayed film surface, a CVD method, a 
powder method, etc. — pack cementation of aluminum or Cr — ****** — the manufacturing method 
according to claim 8 or 9 characterized by things. 

[Claim 13]About the above-mentioned internal layer, it is an MCrAlX alloy (however, nickel, Co, and Fe any 
M [ one or more sorts of].). The manufacturing method according to claim 11, wherein X carries out thermal 
spraying of the mixture of Y, Hf, Ta, Cs, Pt, Ce, Zr, La, Si, and any one or more sorts and a Zr0 2 system 
cermet of Th and forms it. 



DETAILED DESCRIPTION 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the suitable flame-spraying member for an 
elevated-temperature exposure member and its covering art, such as a gas turbine and a jet engine. The art 
of this invention can be used conveniently also for various kinds of elevated-temperature exposure 
members currently allocated in a boiler, a diesel, a shaft furnace, a heat treating furnace, etc. 
[0002] 

[Description of the Prior Art]Research and development with motor Seki energetic for the purpose of 
improvement in thermal efficiency, such as a diesel, a boiler, a gas turbine, and a jet engine, are advanced. 
However, the improvement in the thermal efficiency forces it simultaneously increase of the severe heat 
load to members forming. Therefore, as a metallic material used for the hot section of these motor Seki, it 
has a high mechanical strength under an operating environment, and to excel in 
high-temperature-oxidation-proof nature and high-temperature-corrosion-proof nature is demanded. In 
order to meet such a demand, the use of the heat-resistant alloys called what is called superalloy which 
uses nonferrous-metal elements, such as Cr, nickel, Mo, Co, W, Ta, aluminum, and Ti, as the main 
ingredients from the former has been considered. However, since high temperature strength is given top 
priority as for these superalloy, as for addition of the metal which is not useful for improvement in intensity, 
the rate tends to be suppressed low inevitably. For example, although it is Cr, aluminum, Si, etc. as metal 
which is not useful for improvement in intensity, since these metal is excellent in oxidation resistance and 
high-temperature-corrosion-proof nature by one side, it is common [ the superalloy which gave priority to 
the above high temperature strength ] to oxidation resistance or high-temperature-corrosion-proof nature 
that it is inferior. In view of such a situation, to the superalloy member used under hot environments, metal 
or alloys, such as Cr, aluminum, Si, were beforehand covered with a spraying process, a diffusion infiltration 
process, etc. on the surface, and the fall of a resistance force to the chemical injury of superalloy is 
compensated. 

[0003]In recent years, the coat of the oxide and alloys which have oxidation resistance and heat resistance 
came made comparatively easily by adoption of the spraying process, the MCrAlX alloy (however, M — 
nickel, Co, Fe(s), or these metal.) which was excellent in oxidation resistance in connection with this 
Elements, such as Y, Hf, Ta, Cs, Pt, Ce, Zr, La, Si, and Th, are also developed, and, as for X, the 
thermal-spraying art is proposed, for example by JP,58-371 45,A, JP,60-141842,A, etc. After forming this 
MCrAlX alloy thermally sprayed film, the method of performing pack cementation, such as Cr and aluminum, 
further is also proposed (for example, JP,61-10034,B). 

[0004]The life of an elevated-temperature exposure member like a gas turbine member has improved 
considerably by development of the art which combined such a spraying process, a spraying process, and 
pack cementation. However, it inquires still more energetically about the gas turbine itself still now, and it is 
expected that the highest use gas temperature of a gas turbine will amount also to 1500-1700 ** in the 
future. Even if the gas turbine member in contact with such high temperature gas strengthens the cooler 
style by air or a steam, it is expected that the exposure temperature of a member will exceed the present 
900 **, and will be about 950-1050 **. For this reason, it is replacing also about the metal base of the 
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elevated-temperature exposure member for gas turbines for the unidirectional solidified material which 
excelled the conventional polycrystalline substance in high temperature strength, or a single crystal body. 
[0005]However, when the alloy thermally sprayed film was formed by the conventional method to such an 
elevated-temperature metal base, there was a possibility that the following problems might occur. 

(1) . When the temperature of the metal base became high, formed in the surface. For example, an MCrAlX 
alloy thermally sprayed film or the composite-spraying coat which forms a diffusion layer into this thermally 
sprayed film. The tendency in which the alloy content in this coat carries out diffusion osmosis inside a 
metal base may become strong, as a result, a thick embrittlement layer may generate to the boundary part 
of a thermally sprayed film and a base material surface, and a thermally sprayed film may exfoliate. 

(2) aluminum of the MCrAlX alloy ingredients which invade into the inside of a substrate, There is an 
operation which extinguishes the high-temperature-strength ingredient which exists in this substrate, and 
sludges (for example, nickel 3 aluminum, nickel 3 Ti, etc. which are called gamma' phase) at the same time it 
reacts to nickel etc. which are contained in the metal base of a member and generates intermetallic 
compounds, such as weak AINi and AlCo. Therefore, if the above-mentioned alloy is covered, the fall of the 
high temperature strength of the whole substrate will be caused, and it becomes easy to generate the crack 
and local failure resulting from thermal fatigue. 

(3) On the other hand, nickel contained in a member, Cr, etc. are spread also in an MCrAlX alloy thermally 
sprayed film, generate an embrittlement layer, and reduce the thermal shock resistance of this coat. 
[0006]Such a phenomenon is considered to originate in nickel and Cr deficit taking place when the 
above-mentioned ingredient (nickel, Cr) in an MCrAlX alloy thermally sprayed film is spread into the 
above-mentioned member. As this measure, it is considered to be an effective means to control diffusion 
into the member of the alloy content in a thermally sprayed film. As such a means, the thin layer (10-100 
mum) of a refractory metal (Nb, Ta) or an oxide film like aluminum 2 0 3 is directly formed by the spraying 
process or PVD on the surface of a high temperature member, By forming the conventional MCrAlX alloy 
thermally sprayed film on it, there is the method of controlling diffusion of an MCrAlX alloy ingredient. 
[0007]In addition, it is the oxide by carrying out thermal spraying of the mixture of an MCrAlX alloy and 
oxides, such as MgO and Y 2 0 3 , to JP,9-104987,A. (MgO, Y 2 0 3 ) The art used as a diffusion barrier of a 
metallic element is indicated. Previously, when one of artificers did air thermal spraying of the MCrAlX alloy, 
he proposed the art (JP,10-265933,A, JP,1 0-205934,A) of using the oxide of the MCrAlX alloy ingredient 
generated automatically. 

[0008] However, by the method of using as an under coat, Ta and aluminum 2 0 3 . Expensive different metal 
from an MCrAlX alloy ingredient is used, or it faces forming aluminum 2 0 3 , and in order to use the PVD which 
makes an electron beam a heat source, a heterogeneous membrane formation process must be adopted and 
the fall of productivity is caused. Since preventing the internal diffusion reaction of an alloy content by such 
a method will abolish the diffusion zone which is needed for on the other hand securing the adhesion of a 
substrate and a thermally sprayed film, film adhesion falls remarkably. What is called conventional 
technology needs an antimony element by ****. Although an oxide particle is added to an MCrAlX alloy or 
an effect appropriate about the coat using the oxide of the alloy content by air thermal spraying of an 
MCrAlX alloy is accepted, in addition, still higher performance is insufficient to the latest gas turbine 
currently called for. 
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[0009]Now, in the thermal shield coat (Thermal Bariier Coating) to an elevated-temperature exposure 
member, and the following, about the coat of an MCrAlX alloy, there is use as only writing it as "TBC." 
Generally, an MCrAlX alloy is used as an under coat of TBC, and on topcoat, it has heat resistance, and it 
forms the Zr0 2 system ceramic film with small thermal conductivity. TBC by the combination of such an 
MCrAlX alloy coat and a Zr0 2 system ceramic film, It is used also as heat-resistant coats, such as not only 
the elevated-temperature exposure member of a gas turbine but a mold for centrifugal casting (for example, 
JP,64-870503,A), and a heat-resistant coat (for example, JP,4-460622,A) of the roll for conveyance of 
melting sheet glass. 

[0010] However, also in TBC concerning the combination of such an MCrAlX alloy and Zr0 2 system ceramics, 
under the operating environment of the gas turbine to which the temperature rise of these days was carried 
out. The issue which should be solved that only topcoat often exfoliated from the boundary of both coats, 
and a thermal shield operation disappeared was left behind. As this measure, the MCrAlX alloy coat as an 
under coat is received, The art (JP,62~21 1387,A) which prevents exfoliation of topcoat by providing 
aluminum 2 0 3 layer which oxidized aluminum enveloping layer, and raising the anti-oxidation power, The 
method (for example, JP,4-36454,A, JP,56-54905,A) of preventing exfoliation of topcoat is also proposed by 
distributing heat stress by adding CaO and Si0 2 and generating a detailed longitudinal crack in Zr0 2 of 
topcoat, however, with the gas temperature (1 100 ** - 1300 **) of the gas turbine of those days to which it 
applied for each patent, although each of such measure art had attained the purpose, it had become the 
technical problem that improvement in the performance was big in addition, in an environment which 
exceeds 1500 ** like these days. 
[0011] 

[Problem(s) to be Solved by the Invention]as mentioned above, it will be allocated by the gas turbine which 
is carrying out a temperature rise increasingly the present gas turbine and from now on — there was a 
problem as shown below about structural members, such as turbine ** and a stationary blade, a container 
liner of a burner, and a tail pipe, and what is called an elevated-temperature exposure member. (1) The 
temperature of turbine ** and a stationary-blade substrate also rises with the rise of the temperature of 
combustion of a turbine bucket and a stationary-blade relation turbine inlet. For this reason, the metallic 
component and wings ingredient in the oxidation-resistant coat (MCrAlX) given to the surface of ** and a 
stationary blade diffuse each other in response to mutual, At the coat side, lack of Cr effective in oxidation 
resistance and aluminum takes place, on the other hand, by the wings substrate side, the minute sludge of 
intermetallic compounds, such as nickel-aluminum, aluminum-Ti, etc. which are distributed in a substrate, 
disappears, and a deterioration layer generates on a mutual boundary. If such a deterioration layer grows, 
the intensity of a wings substrate will deteriorate and it will become a serious cause of damage. Especially, 
by the latest turbine ** and stationary blade, since it is designing become near the wings surface about the 
arranging position of a cooling hole in order to raise cooling efficiency, it becomes the obstacle that 
generation growth of few deterioration layers is serious. 

[0012](2) Since the container liner of a burner and the member of tail pipe ****** are put to most hot 
radiant heat and combustion gas in a gas turbine, air cooling is carried out powerfully and the thermal shield 
coat is given to the internal surface. Although the Zr0 2 system ceramics currently constructed as topcoat 
of the thermal shield coat have a big operation in control of radiant heat, since it is one of the brittle 
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materials, it often exfoliates under the sudden change environment of starting of a gas turbine and the 
exposure temperature at the time of a stop. Also in the time of steady operation, the phenomenon of 
exfoliating from the boundary of topcoat and an under coat by the oxidative consumption of the MCrAlX 
alloy by the rise in heat of an under coat is seen. And as a result of strengthening a stripping part 
overheating (over heat), the container liner and tail pipe in which topcoat exfoliated generate a big distortion, 
and promote exfoliation of topcoat further, and also they induce problems, such as spoiling the stability of a 
combustion frame. If still such a phenomenon progresses, a container liner and the tail pipe wall itself will 
also be is damaged by fire. 

[0013]Then, the problem of the various kinds mentioned above that conventional technology is holding the 
purpose of this invention, That is, there are no disappearance and exfoliation of a crack, a local failure, 
intima adhesion reduction, and a thermal shield operation of topcoat resulting from the fall of the high 
temperature strength accompanying nickel by diffusion and Cr lack and thermal fatigue, and it is in 
proposing a long-life elevated-temperature exposure member and its advantageous manufacturing method. 
[0014] 

[Means for Solving the Problem]As mentioned above, an anti-oxidation coat and a thermal shield coat by 
conventional technology over an elevated-temperature exposure member applied to a member for gas 
turbines, etc. had various problems. So, in this invention, it decided to solve an aforementioned problem by 
adoption of the new way of thinking of forming a chromium carbide system cermet as an under coat using a 
spraying process. Namely, this invention on the surface by the side of an elevated temperature of a 
substrate made from a heat-resistant alloy with which one field is cooled and a field of another side is 
fundamentally put to an elevated temperature by a spraying process. An under coat of a chromium carbide 
system cermet which uses as the main ingredients Cr 2 C 3 which has high thermal conductivity in addition to 
outstanding adhesion and heat resistance is constructed, topcoat of Zr0 2 system ceramics or an MCrAlX 
alloy is formed on it, and it is considered as a composite-spraying coat. This invention is an internal layer 
about this about an MCrAlX alloy, (interlayer) It is good also as a composite-spraying coat for which it uses 
by carrying out and which the whole presents a three-tiered structure. As the above-mentioned internal 
layer, not only in independent particles of an MCrAlX alloy, What mixed this MCrAlX alloy particle and Zr0 2 
system ceramics particles, Or it may be a composite-spraying coat of a three-tiered structure using a layer 
concerning inclination combination which changes these both compounding rate again and to which a 
compounding rate of Zr0 2 system ceramics was made for the topcoat side to become high. 
[0015]this invention — again — the above-mentioned MCrAlX alloy coat and (2), After forming an internal 
layer of an MCrAlX alloy indicated in (3) paragraphs, it may be ******** about diffusion treatment of 
aluminum and Cr by a diffusion infiltration process according this to PVD, a CVD method, or a powder 
method etc. 

[0016]This invention is nickel, Co, or a plating film of those alloys by electroplating or a nonelectrolytic 
plating method beforehand further to the surface of a heat-resistant alloy which serves as a substrate if 
needed, (primer layer) If it provides, In hot environments, counter diffusion with an under coat of Cr 3 C 2 
cermet can progress moderately, associative strength can be raised, and generation of a carbide 
embrittlement layer can be controlled. 

[0017]This invention on next, the surface by the side of an elevated temperature of a substrate with which 

7 



JP 2000-273613 

one field is cooled and a field of another side is put to an elevated temperature. Carry out thermal spraying 
of the chromium carbide system cermet-spraying material which uses Cr 3 C 2 as the main ingredients in the 
atmosphere or atmosphere which does not contain oxygen substantially, and it ranks second, By carrying 
out thermal spraying of the Zr0 2 system ceramics containing one or more sorts of oxides moreover chosen 
from Y 2 0 3 , CaO, MgO, and Ce0 2 , A manufacturing method of an elevated-temperature-proof exposure 
member forming a composite-spraying coat which consists of an under coat of a chromium carbide system 
cermet and topcoat of Zr0 2 system ceramics is proposed. 

[0018]This invention on the surface by the side of an elevated temperature of a substrate with which one 
field is cooled and a field of another side is put to an elevated temperature again. Carry out thermal spraying 
of the chromium carbide system cermet-spraying material which uses Cr 3 C 2 as the main ingredients in the 
atmosphere or atmosphere which does not contain oxygen substantially, and it ranks second, Moreover, it is 
an MCrAlX alloy (however, nickel, Co, and Fe any M [ one or more sorts of].). X Y, Hf, Ta, Cs, Pt, Ce, Zr, La, 
Si, and any one or more sort thermal spray material of Th, By carrying out thermal spraying in the 
atmosphere or atmosphere which does not contain oxygen substantially, and carrying out thermal spraying 
of the Zr0 2 system ceramic thermal spray material which contains a crystal stabilization ingredient on it 
further, It may be the method of forming a composite-spraying coat of a three-tiered structure which 
consists of topcoat of an internal layer of an under coat of a chromium carbide system cermet-spraying 
coat, and an MCrAlX alloy thermally sprayed film, and Zr0 2 system ceramics. 

[0019]The feature of the above-mentioned composite-spraying coat concerning this invention many of 
elevated-temperature exposure members. Paying attention to the actual condition that field of one of these 
is compulsorily cooled with air or a steam at least, it is in preventing temperature up of a substrate and 
preventing a temperature rise at the same time formation of a proper thermally sprayed film realizes 
improvement in a chilling effect. Especially adoption of an under coat which consists of a chromium carbide 
system cermet-spraying coat which uses Cr 3 C 2 as the main ingredients, A chilling effect is efficiently 
transmitted to the upper topcoat, and it is topcoat at one side, (a Zr0 2 system, an MCrAlX alloy coat) A 
direction demonstrates a resistance force mainly to high temperature load, for example, high temperature 
oxidation by combustion gas, high temperature corrosion, radiant heat, etc. 
[0020] 

[Embodiment of the Invention]Below, the composite-spraying coat covered by the surface of the various 
members for gas turbines is explained as an elevated-temperature exposure member. 

(1) In formation this invention of an under coat, The chromium carbide system cermet-spraying coat which 
contains Cr 3 C 2 which has the characteristic which has heat resistance and high heat conductivity, and was 
excellent in adhesion with metal or the substrate made from a heat-resistant alloy as the main ingredients. 
It uses (to only call it "Cr 3 C 2 cermet" hereafter) as an under coat, the point which carried out flame spraying 
of this to the surface by the side of the elevated temperature of another side of the substrate made from a 
heat-resistant alloy with which one field is cooled directly has the feature, and there are the following 
features as compared with the conventional MCrAlX alloy coat. The speed of Cr 3 C 2 which is the main 
ingredients of Cr 3 C 2 cermet which has the highest heat resistance in metallic carbide, and carries out 
oxidative consumption also in the combustion gas before and behind 900 ** is small. Especially in the 
environment which intercepted the open air as an under coat, the performance stable over the long period 
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of time is demonstrated. 

[0021]This Cr 3 C 2 is the upper layer (topcoat) effectively about the cooling action by the air and the steam 
which are provided in the inside of a substrate as having high thermal conductivity and constructing on the 
surface of an elevated-temperature exposure member. It transmits, The operation which prevents the fall 
[ exhausting / by a variety of obstacle by a temperature rise, for example, promotion of high temperature 
oxidation, ] of the junction power between topcoat/under coat, etc. is strong. 

[0022]As shown in drawing 1 , it is a substrate of 1.5-mm thickness. (L 2 ) It is an under coat of 100 mum 
thickness to one field. (L^ After forming, The steady heat conduction in the case of receiving radiant heat 
from the under coat side when it cools with the air of 500 ** from the field of the opposite hand of a 
substrate is considered. In a figure, if the unit area of a substrate and the heat transfer amount per unit time 
are set to q when lambda! shows an under coat and lambda 2 shows the thermal conductivity of a 
heat-resistant alloy, the chilling effect of an under coat can be compared from the formula of the rate of 
steady heat conduction. 
q^t^yKL/lambdaj) + (L 2 /lambda 2 )} 

The place where artificers measured the thermal conductivity of the under coat with laser flash method, 
Cr 3 C 2 -20wt%nickel-5wt%Cr:12 W / (m. k) MCrAlX alloy (20wt%Cr-1 1 wt%aluminum-1.0 wt%Y-** Niwt%) 
2.5W/(m. k), Since 23 W/(m. k) was obtained, when these values were calculated by putting them into an 
upper type and the under coat of Cr 3 C 2 cermet is given, a heat-resistant alloy, It remains in about 76% of 
rise in heat of an MCrAlX alloy under coat, and it turns out that the effect of air quenching is remarkable. 
[0023]The thermally sprayed film of Cr 3 C 2 cermet has a coefficient of thermal expansion in the range of 10 
- 11x10 ~ 6 /K, adheres to the base material surface by which surface roughening was carried out uniformly, 
shows high density and adhesion power, and even if it receives a strong thermal shock, it does not exfoliate. 
On the under coat of this Cr 3 C 2 cermet, even if it carries out thermal-spraying construction of Zr0 2 system 
ceramics or the MCrAlX alloy directly, it adheres firmly, and the function as an under coat is fully exhibited. 
[0024]Even if the temperature of the elevated-temperature exposure member which constructed the under 
coat rises, an obstacle like the conventional MCrAlX alloy coat in which the phenomenon, as for, a 
constituent element carries out diffusion osmosis from an under coat with many Cr 3 C 2 ingredients to a 
substrate inner surface is very minor is not generated. Although only the metallic component contained as a 
binder diffuses this reason inside a substrate in a Cr 3 C 2 cermet, There are few additions of the binder 
component, and it is because it is dotted, so the diffusion phenomenon to an inside is not continuously 
performed in the coat of a cermet state. 

[0025]Although movement by diffusion of carbon in metal and carbide which are contained in both is 
performed also in the interface of the under coat of Cr 3 C 2 cermet, and a substrate in a high temperature 
state, According to artificers' experiment, there was nothing to the extent that it has big influence on 
exfoliation and embrittlement of an under coat. When such a problem is anxious, nickel, Co(es), and those 
alloys on the surface of a substrate However, electroplating, While being able to control generation of a 
carbide layer weak against the substrate side if the under coat of Cr 3 C 2 cermet is given after processing to 
3-30-micrometer thickness and forming a primer layer with a nonelectrolytic plating method, PVD, a CVD 
method, etc., nickel, Co(es), and those alloy itself can be spread in the substrate side at the under coat side, 
and it can make it useful for improvement in the adhesion power of an under coat. 
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[0026]The further feature of Cr 3 C 2 cermet under coat adopted by this invention, Cr of the binder metal 
ingredient contained in the coat when a substrate is put to a high temperature state, It is that new 
chromium carbide generates by a reaction with the carbon emitted at the time of change to Cr 7 C 3 which 
originates in the free energy of formation of carbide by a metallurgical reaction with the free carbon and 
Cr 3 C 2 which are contained in said Cr 3 C 2 . as a result — if for example, nickel-Cr alloy binder is contained in 
Cr 3 C 2 cermet, a part or all of the Cr(s) will serve as Cr carbide, and will be consumed — the remaining metal 
binders — nickel — it changes to a rich thing. Alloy whose thermal conductivity of nickel-Cr alloy is bad 
(nickel-20Cr is 12.6W/(m. k)) Although known by carrying out, Since 90.5 W/(m. k) and Cr of it of nickel are 
90.3 W/(m. k), thermal conductivity of the under coat of Cr 3 C 2 cermet improves as duration of service 
becomes from initial use in merit, and there is the feature which transmits the cooler style inside a 
substrate much more effectively. 

[0027]Selection of the metal binder ingredient added to Cr 3 C 2 is important so that clearly from the above 
explanation. It is preferred to use together one or more sorts of metal which makes indispensable the metal 
containing one or more sorts of carbide formation metal, such as Cr, W, Nb, Ta, and Ti, in this invention, and 
is chosen as this from nickel, Co, Si, etc. Even if such a phenomenon cannot be found, the function as an 
under coat is exhibited also with independent addition binders, such as nickel and Co. 

[0028]The quantity of Cr 3 C 2 is important for the rate of Cr 3 C 2 occupied in Cr 3 C 2 cermet, and a metal binder 
ingredient, and the thing of 5 to 70% of range is preferred for it for a metallic component 95 to 40%. If 
adhesion power with a substrate makes it more than 70% weakly when there are few metallic components 
than 5%, the characteristic of Cr 3 C 2 cannot be used enough. When commercial Cr 3 C 2 cermet material is 
investigated, Cr 7 C 3 and Cr 23 C 6 are included with a small quantity and these thermally sprayed films also show 
the function as an under coat of this invention. Therefore, this invention is not limited only to Cr 3 C 2 and 
chromium carbide particles can use it for the purpose of this invention. 

[0029]In order to form the under coat of Cr 3 C 2 cermet in this invention, by neither of the methods, 
atmospheric plasma thermal spraying, low pressure plasma spraying, high velocity flame thermal spraying, 
nor detonation flame spraying, it is possible and is limited by thermal-spraying nature. 

[0030]And the construction thickness of Cr 3 C 2 cermet under coat, the range of 20 - 400 mum is good, and 
since the mechanism of action as an under coat is not markedly easy coming to be alike of a film even if a 
film thinner than 20 micrometers is inferior to homogeneity and it makes it thicker than 400 mum, as long as 
a thermal-spraying process is adopted, it is not economical. 

[0031](2) An internal layer and formation drawing 2 of topcoat show the example which constructed Cr 3 C 2 
cermet of upper ** as an under coat according to the section structure of a coat to the substrate of an 
elevated-temperature exposure member. Here, as for the under coat of Cr 3 C 2 cermet, and 3, 1 is [ a Zr0 2 
system ceramics film and 5 ] nickel plating coats an MCrAlX alloy coat and 4 a heat-resistant alloy 
substrate and 2. 

[0032]Here, it is drawing 2 (a). It is a thermal shield coat of the two-layer structure which constructed Zr0 2 
system ceramics as topcoat directly on the under coat of Cr 3 C 2 cermet. Drawing 2 (b) The thermal shield 
coat of the three-tiered structure which formed the internal layer which consists of an MCrAlX alloy tunic in 
the pars intermedia of the under coat of Cr 3 C 2 cermet and the topcoat of Zr0 2 system ceramics is shown. 
As the above-mentioned interlayer, i.e., an internal layer, Thermal spraying of the mixture not only with an 
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MCrAlX alloy particle independent thing but Zr0 2 system ceramics particles is carried out, or it is good also 
as a layer to which concentration was further made high for the quantity of the Zr0 2 system ceramics of 
this internal layer in inclination as the topcoat side. Drawing 2 (c) is what showed the two-layer structure 
coat which constructed the MCrAlX alloy on the under coat of Cr 3 C 2 cermet, and is a constructional 
example which prevents oxidation of an under coat. Drawing 2 (d) After performing nickel plating to the 
surface of a heat-resistant alloy substrate, it is the example which constructed the under coat of Cr 3 C 2 
cermet. 

[0033]The chemical entity of the Zr0 2 system ceramics in the example of section structure of such a 
composite-spraying coat, The crystal stabilization ingredient which consists of one or more sorts of oxides 
chosen from Y 2 0 3 , CaO, MgO, and Ce0 2 , 5 - 40wt% — it is preferred to use the included Zr0 2 ceramics, and 
since particles carry out destruction of nature by the big cubical expansion arrival by change of the crystal 
form of Zr0 2 when there is less content of other oxides than 5wt%, it is unsuitable. If this content increases 
more than 40wt%, low thermal conductivity cannot demonstrate the outstanding heat resistance which Zr0 2 
holds. 

[0034]Since the thermal shield effect is scarce when the range of 100 - 800 mum is good and thinner than 
100 micrometers, and a mechanical shock will be easy to be destroyed if it becomes thicker than 800 mum 
on the other hand, the thickness of these Zr0 2 system ceramics is not a best policy. 

[0035]A thing as shows below the chemical entity of the above-mentioned MCrAlX alloy which carries out 
thermal-spraying construction as topcoat or an internal layer is used suitably. 

M ingredient : nickel (0 to 75%), Co (0 to 70%), and Fe Cr-components (0 to 30%):5 to 25% Al component: 1 to 
29%X ingredientY (0 to 5%), Hf (0 to 10%), Ta (1 to 20%), Si (0.1 to 14%), B (0-0.1 %), C (0 to 0.25%), Mn (1 to 
10%), Zr (0 to 3%), W (0-5.5 %), and Pt (0 to 20%) 

[0036]Drawing 2 (c) Drawing 2 (d) It is preferred that the thickness of the MCrAlX alloy thermally sprayed 
film formed on the under coat is in the range of 30 - 500 mum so that it may be shown, and sufficient 
covering-proof nature is not obtained in 50 micrometers or less. Since the exceptional effect does not 
become good even if thicker than 500 mum, it is not a best policy economically. 

[0037]It is related with this point and is drawing 2 (c). As opposed to the MCrAlX alloy thermally sprayed film 
directly constructed on the under coat of shown Cr 3 C 2 cermet, If aluminum and Cr are diffused by the pack 
cementation nature by the further existing PVD, the CVD method, and a powder method, etc., the 
compactness and high-temperature-oxidation-proof nature of an MCrAlX alloy coat will improve much more. 
And on it, if the topcoat of Zr0 2 system ceramics is formed, it is still more effective as a measure against 
exfoliation of hot-environments-proof nature and topcoat. 

[0038]As explained in full detail above, the composite-spraying coat concerning this invention mentioned 
above, The under coat of Cr 3 C 2 cermet not only has a substrate and good adhesion, but, There is the feature 
which achieves the role rate which prevents the obstacle which tells the heat of cooling transmitted from 
the cooling surface side of a substrate effectively to topcoat in addition to the operation whose internal 
layer and topcoat which are formed on it demonstrate strong associative strength, and prevent exfoliation, 
and originates in an excessive temperature rise. 

[0039]The MCrAlX alloy coat and Zr0 2 system ceramics film which are formed on an under coat, While 
considering it as the structure of being equal to the elevated-temperature exposure by the hot oxidative 
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consumption by combustion gas and radiant heat and making the operation function of a coat share with the 
inside side factor of a substrate, and an external factor, respectively, occasionally it complements each 
other and reinforcement of an elevated-temperature exposure member is made to attain as synthetic 
performance. 
[0040] 

[Example]Example 1 — this example — Ni group alloy (1 2.5Cr-4.2Mo-6.1 aluminum-2.0Nb-0.8Ti-0.1 5C-** 
nickel (wt%)) After using three kinds of spraying processes for one side and forming the thermally sprayed 
film of this invention and a comparative example in it, the adhesion power and the spalling test of that coat 
were done. After heating for 15 minutes in the electric furnace which held adhesion power to the adhesion 
test method of the coat of 8666 N of JIS H, and held the spalling test to 900 **, the operation supplied to 
underwater [ 20 ** ] was repeated as 1 cycle. 

(1) Thermally sprayed film (a) of this invention 75wt%Cr 3 C 2 -20wt%nickel-5wt%Cr ((200 micrometers) b) 
70wt%Cr 3 C 2 -15wt%nickel-5wt%Cr-5wt%Co Above (200 micrometers) (a), (b) On a ** Cr 3 C 2 cermet under 
coat, it is the topcoat of 8wt%Y 2 0 3 and Zr0 2 to 300-micrometer thickness Construction and (2) Although 
the MCrAlX alloy of various sorts is marketed as a thermally sprayed film comparative example of a 
comparative example, Here, we decided to use the alloy which has chemical composition given 
[ frequently-used ] in Table 1. 

(a) A alloy (200 micrometers) (b) given in Table 1 On A alloy thermally sprayed film (200 micrometers) given 
in Table 1, it is formation (c) to 300 mum thickness about the topcoat of 8wt%Y 2 0 3 and Zr0 2 . 
50wt%nickel-50wt%Cr (200 micrometers) 

[0041]Table 2 summarizes the above result. It turns out that the adhesion power of a Zr0 2 system ceramics 
film (No. 6, 12) in which each thermally sprayed film of this invention and a comparative example was 
constructed by the high velocity flame spraying process is very low so that clearly from this result. That is, 
at the gas temperature of a high velocity flame, it is Zr0 2 (melting point of 2720 **) of a high-melting point. 
It is thought that melting was not able to be carried out. While A alloy thermally sprayed film (No. 7, 9) of 
Table 1 used now shows strong adhesion power, strong resistance is demonstrated also to a thermal shock, 
and this tendency is accepted also in a 50wt%nickel-50wt% Cr film (No. 13 - 15), but as compared with the 
former, adhesion power is declining somewhat. In what (No. 4-5) suits this invention in which the thermally 
sprayed film (No. 10 - 12) which gave topcoat of 8wt%Y 2 0 3 and Zr0 2 , and the ceramics film homogeneous on 
an under coat were formed on the under coat of A alloy of Table 1. Although only topcoat exfoliated in the 
adhesion power examination, the difference did not have ****** private seal ** to both. On the other hand 
in a spalling test, exfoliation is not accepted at all about all the supplied under coat specimens, 8wt%Y 2 0 3 
and the Zr0 2 system ceramic thermally sprayed film formed by the atmosphere and a 
low-pressure-plasma-spraying method could also be equal to ten repetitions, and good spalling resistance 
was demonstrated. However, most coats exfoliated by two to three examinations only 8wt%Y 2 0 3 and the 
Zr0 2 ceramics film constructed by the high velocity flame spraying process, and the influence due to the fall 
of adhesion power has appeared notably. 
[0042] 
[Table 1] 
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[0044]Example 2 — this example — unidirectional solidification Ni-group-alloy (8.0O-9.4 
W-9.3Co-5.6aluminum-0.7Ti-3.3Ta-1.56Hf-** nickel) specimen (wt%) (15 mm[ in diameter ] x15 mm in 
length) After forming a thermally sprayed film in a peripheral part, The heating test of 1 1 50 **x9hr was done 
in the electric furnace, and the diffusion state to the substrate of an under coat ingredient and the adhesion 

13 



JP 2000-273613 

of topcoat were investigated with the optical microscope. 

(1) Thermally sprayed film (a) of this invention On the under coat (150 micrometers) which consists of 
75wt%Cr 3 C 2 -18wt%nickel-10wt%Cr, B alloy given in Table 1 is used as topcoat, and it is construction (b) to 
300 mum thickness. On the under coat which consists of 70wt%Cr 3 C 2 -20wt%nickel-8wt%Cr-2wt 0 /oTi-180 
mum, 24wt%MgO and Zr0 2 system ceramics are used as topcoat. 300 It is construction (2) to mum 
thickness. Thermally sprayed film (a) of a comparative example C alloy given in Table 1 is used as an under 
coat, and it is construction (b) to 300 mum thickness. After constructing to 300 mum thickness by using D 
alloy given in Table 1 as an under coat, It constructs to 300 mum thickness by using 15wt%Ce0 2 and Zr0 2 
system ceramics as topcoat. 

[0045]Although Table 3 is what summarized the results of an investigation and internal diffusion of the 
under coat (No. 5-8) of the MCrAlX alloy of a comparative example was carried out to a depth of 22-33 
micrometers with heating (1150 ** x 9 h), The under coat (No. 1-4) of Cr 3 C 2 cermet which suits this 
invention remains in 7-12 micrometers. 

It was checked that the influence by the diffusion reaction to a substrate is very small. 

On the other hand, although the boundary of the under coat after a heating test and topcoat was 

investigated with the optical microscope, it turned out that both coats show a good integrated state and it 

has the adhesion excellent in the MCrAlX alloy coat or the Zr0 2 system ceramics film. 

[0046] 
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[0047]Example 3 — in this example, after carrying out heating sintering of what mixed B of an MCrAlX alloy 
Cr 3 C 2 particles and given in Table 1, or C alloy particles in a vacuum, the under coat thermal spray material 
which ground this and was made into the particle diameter of 10-50 micrometers was manufactured. What 
changed the former content to 90 - 50wt% by weight in the mixing ratio of Cr 3 C 2 particles and MCrAlX alloy 
particles at the time of mixing was adjusted. It is a Ni alloy about this material. 
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(15.5Cr-20Co-3W-2Nb-4.3Ti-2.8aluminum-2Ta-** nickel (wt%)) Co base alloy (25.5Cr-10.1nickel-7.5 
W-2.0Fe - ** Co (wt%)) On the surface, by a high velocity flame spraying process. 150 The specimen formed 
in mum thickness was produced. As a result of carrying out the spalling test of example 1 statement using 
these specimens, the coat formed on which specimen did not exfoliate in ten repetitions, either. Adhesion 
also with good thing which constructed the topcoat of 8wt%Y 2 0 3 and Zr0 2 system ceramics on the 
above-mentioned under coat and coat which did 300 mum formation of an MCrAlX alloy (C alloy) given in 
Table 1 by the plasma spray process, respectively was shown. 

[0048]Example 4 — in this example, by using as a substrate what processed electric nickel plating to 
20-micrometer thickness beforehand, after forming a coat as shown below on it in one side of the Ni group 
alloy used in Example 1 , the adhesion and the spalling test of the thermally sprayed film were done on it. The 
adhesion of a coat and the conditions of a spalling test are the same as Example 1. 

(1) By under coat material and a spraying process **65wt%Cr 3 C 2 -20wt%nickel-1 0wt%Cr-5wt%Co high 
velocity flame spraying process. It is construction (2) to 1 50-micrometer thickness. Spraying process 
**8wt%Y 2 0 3 and Zr0 2 **25wt%Ce0 2 -2.5 wt%Y 2 0 3 -Zr0 2 atmospheric plasma spraying process of topcoat 
material To 300-micrometer thickness, the construction table 4, This result is summarized. Even if it was 
constructing nickel coat by electroplating on the heat-resistant alloy substrate, the under coat of Cr 3 C 2 
cermet indicated the heat-resistant shock performance to be good adhesion, and even if it formed the 
topcoat of Zr0 2 system ceramics on this, the same good result as Example 1 was obtained. As a result of 
doing the heating test of 1 150 **x10hr separately, nickel plating coat has diffused No. 3 specimen given in 
Table 4 to both of the under coat of a substrate and Cr 3 C 2 cermet, but. Generating of the micro defect 
(void) was not accepted and the diffusion to the substrate of an under coat was also 10 micrometers or less. 
[0049] 
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[0050] 

[Effect of the Invention]As explained above, in this invention. On the surface of elevated-temperature 
exposure members, such as a gas turbine. Cr 3 C 2 . It was considered as the composite-spraying coat of the 
three-tiered structure which consists of an internal layer of two-layer [ which consists of topcoat of the 
under coat of a chromium carbide system cermet, a Zr0 2 system ceramic thermally sprayed film and/or an 
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MCrAlX alloy coat used as the main ingredients ], or an MCrAlX alloy. 

Therefore, the cooling action by the air and the steam for preventing the rise in heat of a substrate is 
transmitted efficiently (to topcoat). 

As a result, the oxidative consumption of topcoat and exfoliation resulting from the excessive temperature 
rise of an elevated-temperature exposure member can be prevented. The under coat of a chromium carbide 
system cermet, There is little diffusion osmosis inside [ of a metallic component ] a substrate, since 
embrittlement of a substrate and disappearance of intensity components are controlled, the exfoliation 
accident of the coat from an under coat part can be abolished, reinforcement of an elevated-temperature 
exposure member is attained, and the long-term stable operation of a hot gas turbine can be expected. 
[Brief Description of the Drawings] 

[Drawing 1]An under coat is constructed on the surface of the heat-resistant alloy substrate which 
receives radiant heat, and a temperature change when cooled by air from the opposite hand is shown. 
[Drawing 2]The example of section structure of the thermally sprayed film concerning this invention formed 
in the surface of a heat-resistant alloy substrate is shown. 
[Description of Notations] 

1 Heat-resistant alloy substrate 

2 Under coat 

3 MCrAlX alloy coat (internal layer) 

4 Topcoat of Zr0 2 system ceramics 

5 nickel plating coat 

Thermal conductivity of lambda t under coat 
Thermal conductivity of lambda 2 substrate 
Thickness of L 1 under coat 
Thickness of L 2 heat-resistant alloy substrate 

[Translation done.] 
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[0 0 0 1] 

x-yb iy^y& H© ftrawg^^^ji^mWMlI^ 
«fc^-©ffi«S«(c:|l-rsfe©t:-<fe^o *%Bfi©S« 



(3) 



#M 2000-273613 



3 

[0 0 0 2] 

[f£*©&«] f^- t£;k tfX^-H'^&J; 

*^ft#coii^:^t/^t>oi:-fe«c for, cne>© 

5%lMM^^Z>fztb, f£*^?>Cr, Ni, Mo, Co, W, 

Ta, hi&£mift£(D3m&mfc.m%:±fi£ftt~?%, i> 

?SS©[iS]±^ ; f3ji/c:^:t,^jgi:bT«, Cr, Al, Si^l? 
ffl-r«ffi-&^gP«-^>ffbTt±, ^idCr-^Al, Si^ifCO^ 

[0003] ifitftli, ifSftffi^wrsiWt^i-f 

MCrAl X^: (fcfcU MttNi, Co, Fel: fcfi d tl 5)0 
^1, Xti Y, Hf, Ta, Cs.Pt, Ce, Zr, La, Si, TVS: 30 

5 8- 3 7 1 4 5 ^$g J ?#MHg 60-1 4 1 8 4 2^ 

ft^wi^mm-zriT^z, wmm&me 1-100 
3 4 m&g) o 

[0004] c ©«t ixmtm^ mmmtHAmmmm 

* Wfc nt^o *) , #x * - e ^©g a^ffl «'xs 
S fi W 1 500— 1 700 °c tc fe Jl-T S i: ^3® snti^„ 

M^^fci^^aiM^ftLfcfcLTfe, 
MB§fiS«3ia©900 °C£:S*, 950 ~1050°ClSStC^ 

[0 0 0 5] Lfr>U COi^ftK/SilSttMU so 



(1) &fiS#©iag#K<;iS:3i^ ^©affltML 
/c, MCrAix-a-^MWJSBI, feat/HiCCDjgW 

<i> o 

(2) 8tt©ft^{C45At*3MCrAlX^&j£#©5 ^©Al 

Ni, AicoaHo^siaift^ft^^ja-rsfcn^K:, tss 
«*fc#&t-sBfS3fte«^H , «fartSi (W*tf y' rat 

n?{fn«Ni3Al,Nl3Ti*if) *MM2-e§#ffl^<fe£o 

(3) —7a, gflWtfJfC^Sn&Ni, Cr^^'^MCrAlX-a-^ 
[0 0 0 6] C©j;-5^JJ!*tt, MCrAlX^M*MM 

D, Ni, Cr^iB^®il«<l tfc®HLTt/^i:#x.^n 

#S(Nb, Ta)feSI/H±Al2 03 CD^d^^ftHOIiJKlO 

-100 ^J^MiS^PVD/StMU ^-co±fcfi£3tt 

CDMCrAl X-a-^MW-^M^^-T S d i -d T\ MCr 

ai x^^cDK^wSfij-r^^ri^fe^o 

[0 0 0 7] ^-CDfiL #P»I¥9 - 1 0 4 9 8 

MCrAlX-a-^tMgO, Y2O3 ^^(D^it^tODMa^ 

ttmm-?z>z.£ic£t). ^(DMim oi g o, yzos)*^js 

Sfc, ^#©^Afe. 9clC MCrA 1 X M^IMIf 

-r^stci, g^tc^-r^MCrAix-a-^^coKfk^ 

OTtSSf 1 0-2 6 5 9 3 3^#g, # W 

¥10-205934 *§&?B) ^ffl^L/co 

[0 0 0 8] L^U Ta^AlzOs H— hfcL 

TfflV^73?£Ttt, MCrAlX-a-^^htiS'SrSftlffi'S 

^M^fflbfcD, A1203 *^srr«fciRL, 
mtu~t % <d ic&m hftz, w&m ^^<-rct(c;&s© 

MCrAl X^^lcmitmU^^MLfz <9 , MCrAl X-&& 

co jzummc «fc s -&^^©»ftjft*jpjM"r a & m^o 
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i/ ^mt>mn> z tit v ^ gjac^rx * - ml yt *f l t a 

[0 0 0 9] 2T, MCrAlX^^CDJgSIfCO^T&iSfi 
£f&M££Bl (Thermal Bariier Coatin 
g), SJCF. TTBCJ fclSffi-TS) fcLT©5pJffl*< 

fe^c — ISfC, MCrAlX^-^tt, TBC©7^-3- 
hi:Ltffli^k b-y^n-Kaiiffft'tt^WU *■> 

K©ffi-n-t>^cj;ST B CHi, ;^X^ — t£>©ft?UM§ 
4 -8 7 0 5 0 3 #288) ^ MlMfi^X©IB^ffln 

-;v©Wf»tt£li (M*arwM¥ 4-4 6 0 6 2 2^ 

[00 10] LfrL, (KDid^MCrAlX-g-^^ZrOz^ 

B^4-C «fif t $ fife #X ^ — ML y co WtiMM. T L 
Ltf [SJ^SiCtal?^e> h -y 7°3— h©^iiJ|fLT^ 

x&^iitd^-L, Ai«fflw*»ffcS'«rfeAi20s mttm 
~hcomm^m<rmm mmme 2-21 i3sm& 

W J P, h V 7°a— b 6DZr0 2 ^CCaO , S1O2 ^StJDLT 

«ffl^«fiJtx^fg^^-&S c i: fc <fc o TjR*S**^as 
fcf 4 - 3 6 4 5 4 WUfHS 5 6- 5 4 9 0 

-ifyo^'xias (noo°c~i3oo°c) t?&, -?-©ga*p& 

/Co 

[0 0 1 1 ] 

CD # x * - ML y$3 <fc mUit LOO * 3 # x 

z-MLyizmm-znr^z, ^-^ym-mm, mmm 
co fan, mn^E<o^m&sm. ^tiosKiftifffi 

ffl^tXT^SB^fttt^M (MCrAlX) tfJO^S^hM 

feW^&Cr, AKD^S^ecD, — ^K»#fl!n?t±SK 
cpfc^MSCLTl/^Ni-Al, Al-Ti^HC^JSKffc-a^JO 



[0012] (2) j®^3§©rtf§tf3<fctfgf§flBfl& 

c©gisw±^ ax^—Miy^xm^M&comMmtmm. 

KcO h >y b £ bTSfilSnTl/^SZrOz^-fe^^ y 

tm© 1 ot?&s e xomwis w±mcom 
m'umcommmmrxuiuimm-r^o 

AlX-&^©«ftM«fC«fcoTh 7 7°3- b t7y?-n 
-hO«S?**6IW«rsS**«B6n«o ftT, b>y 

7°3- b WmUBbfertlft, SBfteiUHtSBtf & < SMI&(ove 
r heat) jn^i^S, ^§«;^4LTh7^3-h 

[0 0 13] fif*gf^fii 
[0 0 1 4] 

- ml ymmmmic mm s n § B(g»ia?tt«t s 

fiifc «fc Sif^ftSSI^ MKJSBia, ffl^©MjaS^ 

A^IJ-— y^y htLTMntt,^ 
Iff b^SSSoSfflte: <fc -3 r, ±IHiiM^»?*-r S c i: ic 

nfifi73 oB^SStc W 3tx5 iitia-er^SSM© « raw© 

« ^fs&eap$;£wr s c r2 cs * 3£fiSc^ v t-r^Kit^nA 

7 h©7>^-3- h*JIIU ^co±lc, Zr 
0 2 ^-fe^5-y ^Xfe L< tiMCrAlX-a-^© h 7^3- h 

H^t± x MCrAlX-&^fCOI/^Tt±2in^ -Y>-^— 

t;l/W-v-i:Lttt, MCrAlX^^cO-^.M4?/c^-e 
tt^;< , CKDMCrAlX-a-^JK^fcZrOz^-fe^s^ ^7X|i 

^^TZrOz^-tr^ 5 -y ^XOlB-g-*^ h -y hfflfjS 

HBf < j; d Lfc^E-a-fc^sw^ffl^fc 3 mm 

[0 0 15] ^mBMXlt^fc^ ±IHMCrAlX-g-^SJHfe 
j;0 : (2) , (3)^fCfH«LfcMCrAlX-&^co^^^— 
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*J&f&Lrc%L cfi^PVDS, CVDffife^ 
VH±)^*S(cj;^ffii5ta)Sffij3:if{cj;oT, Al, CrCQffi 

[0 0 16] *fi3(iJ5(<:, £vgfcfSbraWi:&3 

[0017] #^0^ — #©ffi#?&^2nfl&73 
©B^K?a^®?tissw©ffi?aw©SB^s crsC2 

^t/^\ ^©i:^ Y2O3, CaO, MgO^tfCeGh^jgkf 

Z,£tlc£.-Dr, Ifti'DA^- y<-y h©7 >^-3 
— h i:Zr02S-tr^5>y ^X© h >y 7°3 — h i:^?>*^« 

<Dwmj3m*mm?z>c 20 
[0018] — ^©B^aisnfiKro 

Mt^M'&cM^ti^>MM(D0:UM(D^MlC CrsCz £r± 

T\ ^©JJC, MCrAl X^ (refill MtiNi, Co, Fe 
(O^fWltKl, X£±Y, Hf, Ta, Cs, Pt, Ce.Zr, 
La, Si, ThOV^-ftl^ 1 fiJK-h) 

fc^©±fc: > «SSSS{t^^*S-C?Zr0z3fi-b^ 5 -y ^X 

■y h M*fj£H© 7>^-n-h, MCrAl X i^Mf^it 
cD-f — -^;l/U-f-V— fcJctfZrOz^-fe^^-y ^X© h 

[0019] jf^m^frfr&±Mm&mM&.m<Dmm. 

*B&<*e:i:{c&s 0 £<fc, CrsCz zmfc 40 

U — 7?-eh-yX°3-h (ZrOzJj^ MCrAlX-a-^fflK) 
ft, ffiSJftfe, «*HR»£fc#bfitnto*fffl^Sfee> 
[0 0 2 0] 

{COV^TlKH^-r £ 0 so 



(1) 

sum /ct±if^^«a« t (ommtcmtiit^^m-r 

hmM&m (KT, ft TCrsCz -9-— y<-y H 

bfej£»CW«tf&D, fie*©MCrAlX-&^IKtCjt«ib 
fei,Cr 3 C 2 fcb ^SJKftWtfiT?«KOifflM£*Wb, 90 

0 °c Mf*©$s«i # x cfj ^itmn-r 3 f ±/h s ^ o 

#(c, 7V^- 3-h^LT^^aWbfcSISiTkb 
S»Mfct>feoTgf£bfettHI*5S?^So 

[0 0 2 1] Sfc, COCrsCz fct, ftV^feaiPP^W 



U 



Wfcfcrafi^botejifc.fcSill*^ h -y X°n- h/T^ 

[0 0 2 2] Hi fC^^^^fd, 1.5mm J¥©SM (L2) 
©— 77©ffi(C100 /« Jf©7V^-3-h (Li)^fig 
bfcf^ S«©K£MRI©B:frP>500 !C©S5tfc:«fcoT}$ 
ifl L fc £ # ©, 7 > # — 3 — h OT^ Isftj-^^rS ^ § if 

7v^-n-f, A2 a^ift^^ojReaw^-rfc* 

q= (ti - ts ) , ' { (Li /Ai ) + (L2 / 
A2 ) } 

fgHJi^ 5 7 > ^- 3 - h (DM&mm* U—*f 7 9 v 

CrsCz -20wt%Ni- 5wt%Cr : 12 W/(m.k) 
MCrAl X-a^ (20wt%Cr-llwt%Al-1.0 wt%Y-?^Ni 
wt%) ti2.5W/(m.k), mm^^i23 W/(m.k) ^f#5 
nfc«T\ Ctl?»©fll^±x^(c:AnTlt»-r^i:, CrsC 
2 9"— y<-y h©7>^- 3— h^i5tLfci§^-f±, MCrAl 
X-a-^7^^— 3— h ©^76%©Mfi±#fc i: Jf$o T 
43 ^^©^Jb^bV^dfc^ti^So 
[0 0 2 3] Cr 3 C 2 -9--y<-y h©MIMIkb ^BiSf* 
Ks^lO — 1 1 x io- 6 /K ©IBHtcfe t) , fflffift^tifcSM 

affiteJ^fcfwtbTSf^affifcafJU^^u asv^sia 

W^rS^TfefiM-rSCl $fc, C6DCr 3 C2 

+J-— y<-y h©7^^— 3— h±fc, Zr0 2 ^-tr^5-y ^X 
^MCrAlX-S-^lfi®, }§*tffiXbTfe^@tC#«L, 

[0 0 2 4] Seiil, 7>&— 3— r-^J&XbfcffifiS 

®gw©ias*^±^ br , c r3 c 2 mftco^T 

SbTmtC°& K) MCrAl X-&^SM© <t TftiSii 
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[0 0 2 5] Cr 3 C 2 V— *v h<D7>& 

PVDS, CVDfaH(aoT3~30^m 1?«1L 
T77^V-I^ML/ct, Cr 3 C2 

« fc: 7 > n - h W ^ffifSt b T , 7^3-bO« 
[0 0 2 6] *^^T?Sfflbft:Cr3C2 hZV^ 20 

tfffHCr 3 C2 ^IC^nr^ZmmMM^CrsCz £<D 

J&&EJ£fc: <fc o rm<\3!B<D&m § fix*;!/*— tcgH^r 
T\ ffbi/^fc^n^^^rscfc^feSo 

JH, CrsC2 ^r—^y h^JcM^tfNi-Cr^^Vf^— 

flstef ta^tfiK n, %b d w v tiN i u ^ 

(Ni-20Crt±12.6 W/(m.k)) LtSJ^ntl/^^ Ni 
CD^n^90.5 W/(m.k) N CH±90.3 W/(m.k)) T?&S<D 

T\ Cr 3 C 2 h©7^n^mffifflS)SB±D 

[0 0 2 7] JK±©Sl!^SreS^ftct5^ CrsC2 £C 
(5§T?fcJU Cr, W, Nb, Ta, Tiftif ©Mt^&^^S* 1 

««±*&t?&s*i&sfcu ctuan, co, siftif^s 

[0 0 2 8]Cr 3 C 2 ;^y htfitCtSr&SCrsCz £&jg 

/^y^jg^©ffl^^t Cr3C 2 ^a^fiST\ 95—4 
0%. &J»£#tf5~ 70%<Df5H^&<£ftW®^&£ 0 

5 % j; t) ^av^»&tta«fco«»*^ia 

<. £fe70%«fct>*<'rSfcCr3C2 ©#ft*+Mfflt 
^IBBEbfefcCl^x ^S^SCr/Cs, Cr 23 C 6 Sr^A^ 



10 

n-h i: bT<D«ftfr£^r o t£oT\ Cr 3 C 2 
[0 0 2 9] *%TOtCfel/^TCr3C2 t^y^y h^7>^ 

[0 0 3 0] fLt, CrsC2 ^7b7^ u 3-h 
GDSEXIUS^ 20—400 //m <DHBH^«fc < > 20 /xm cfc K> 

fc400 pm cfc Dff < bTfeTV^— 3— hfcbTOf^ffl 

[0 0 3 1] (2) ^-y%— :t;I/W^*5<fctf h^7°3 

*3e7*^bfc«>o7?a&So n±mm^mti, 

2t±CrsC2 3&MCrAlX 
4 ^Zr0 2 ^^^y ^XJ^gl, 5Mi*6^ 

[0 0 3 2] 0 2(a) CrsC2 t^^h© 

0 2(b) CrsC2 "9— y^y h©7>^ h£Zr0 2 
^7^7^X(?) h^y7°n— KOFfiraaP^ MCrAlX^ 

(D&CDfElf'VZz < N Zr0 2 ^ ^ ^ ^y ^ X ^ <D m&%Q 
^}§*fL/c^ SSfct±d©>r ^^?— "tVl/W^— ^Zr 
02 ^ ^ $ X<DM%: h -J 7°3- h MiS if JBfi*«» 
m^M< LftltLTfeiK 0 2(c) ti, CrsC 2 
^7h©7^-n-M(c:, MCrAlX-&^*fflXbfe 
2»«ifiJSM*^bfefe©^ T^^-n— hcD^ft^: 
B&^*JiWT?*So 0 2(d) H^^SW^affi^ 

Nia&of?*SSbT^S^ Cr 3 C2 y-—*vh<D7l/^—^ 

[0 0 3 3] C(Dcfc5**^»SJj^O»ffl«ifiM^43 
frSZr02lfrfe^5y ^X^Oft^^c^^, Y2O3, CaO, MgO 

^S^Sft^^ 5~40wt%^Zr02^^^ ^y 

% cfc D ^ftl/^*^t±Zr0 2 ©j^SS^^fttCcfc a^^^l* 

3fi»tc cfc o Tl5f^ g ^ cd ^ fe ^ o 

Sfe, <l©-&#a^40wt%cfcD^<S:Si:> Zr0 2 ^{*W 

[0 0 3 4] ^^3, CCDZrQzZk-t^^y ?X<Dmiml±, 
100 —800 fi m 6DtBH^cfc<. lOOjLtm iOIt/^il 
»AWSb<. -73, 800 «kt)JJ<a«fcia« 
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£ ^ rfig^ s n ^ ^ ^ ^ * i ^ 0 

[0 0 3 5] h 7 h fe L < W t 

M$c^:Ni (0—75%) . Co (0—70%) . Fe (0—30 
%) 

Crj^ v : 5—25% 
A1J^> : 1 —29% 

XJ0C# : Y (0 — 5%) . Hf (0—10%) , Ta (1—20 
%) , Si (0.1 —14%) , B (0—0.1 %) , C (0— 10 
0.25%) , Mn (1—10%) , Zr (0—3%) , W (0 — 
5.5 %) . Pt (0—20%) 
[0 0 3 6] $7^ 02(c) ^g2(d) ICTjk^X^lC 
±^Jf^LfcMCrAl X^jSWfflSOff 
30—500 /xm (D9fr@te$>Z>Z-t£>W3ils<, 50 ^ 

m KT^ii, -h^*w«Wtt^#6nav^ 500 

[0 0 3 7] (KDj^fclSU 02(c) ^L7cCrsC2 U" 
— y^y h<D7V^3^ h±tC|tSSBlXLft:MCrAlX^' 20 
^MWJSK^WLT^, S&tcSE&OPVDffi, CVD 

{£ScS«#3i:, MCrAiX^ i ffl»©lR«ei:BSfaMlffc 

ffi^Sfc|Rl±t«o bfrfe, ^CD±kl££>^ Zr0 2 ^ 

'&thvy°^-h commm t b tsat & s 0 

[0 0 3 8] JSUifi^bfccfcdfc:., ^m8tefrfr%±7& 

[0 0 3 9] &*5, 7^^3^ h©±lcMSn«M 
CrAlX^^fej&JK*5 cfc tfZrCte ^ ^y ^XJSJK^, fSrU 

SBMH? i: ttSSH^te^SS-lirS — 7^ fc * &±«5S b 
^^Ift&ffitBfc bT«S«Bl««0«#<Wt*a« 40 

[0 0 4 0] 

[^atflra ^ssm 1 

<!(D5ISSM^tiNiS-&^ (12.5Cr-4.2Mo -6.1A1 -2. 
ONb -0.8Ti -0.15C— SNi (wt%))<Dj^Bfc:> 3 f SI 
cDM»ffi^ffl^T*^^i:b^McDMItJg^^b/c 

*±JIS H 8666MS^i£Il^S*ttM^r£, f&««S84ifc 
t± 900 °C IC UW b /c mnP^P 1 S^ftlSR b 7c »20 °C CD 7j< 

^SA-rssfef^* 1 u-f bTnegbfeo 50 
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(i) 

(a) 75wt%CrsC2 -20wt%N i - 5 wt %Cr (200 /x m) 

(b) 70wt%Cr 3 C 2 -15wt%Ni- 5wt%Cr- 5wt%Co (2 
OOjLtm) 

±E(a),(b) <E>Cr 3 C2 tJ--^7h7y^-n-H^ 
8wt%Y 2 0 3 • Zr0 2 (^ h ^y h^:300 fim jf^II, 

(2) itmmvmm&m 

ttMm tvr &mm<D mcm i x mass nr^ s 

S^^ffiffl^rs £ i: b/c 0 

(a) glfH*^A^(200//m) 

(b) glfH«c^A^M*f>SJK(200/xm)±^, 8wt%Y 2 
03 • Zr0 2 O h V h^300 p jpkiffM 

(c) 50wt%Ni-50wt%Cr(200/xm) 

[0 0 4 1] a2^±^|gS^rS^Jb/cfeOTfe^ 0 

t^mmyu-L, mm& -estc b /czro 2 ^ 9 5 v 

^XJ^gl (No. 6, 12) CQ^mtll±®l£>T{&^llttft> 
COZr0 2 (S1^2720°C) ^rMK^^:^ <1 7c 

ftf^SI (No. 7, 9) ^^mti^^tt^ic, 

SRaf*^bT «> asi/^fiRffi*^ b, £ cofSfRj^sowt 

%Ni-50wt%CrjSSI (No. 13 —15) fe tl S *^ 

&&<D7Z/&—n— h±lC^ 8wt%Y 2 03 -Zr02CDh^7 o 
n-h^rMb7cM*f^Sl (No. 10 -12) fecfctfT^— 

h ±^|WIKco^^ ^ ^y ^XjeM*Jg«b/fc*«refc: 
SS^Sfe© (No. 4-5) «*l*K»W±hy 

aa^fco iiii»^^ttt «si&bfc^ 

b7c8wt%Y203 • Zr02 3R-fe^5y ^XjglfjS^felOllI© 

^ffbfeo /c7c\ KS7 WAMS^liL/c 8wt% 
Y2O3 * Zr0 2 ^^y ^Xj£JR£)»2 — 3©(^M^cfco 

[0 0 4 2] 

Hi] 



IB 
# 


ft ^ d£ ^> (wt%) 


Mi 


Co 


Cr 


Al 


Y 


Ta 


A 




63.4 


23 


13 


0.6 




B 


76.5 




17 


6 


0,5 




C 


67.0 




22 


10 


1.0 




D 


10.0 


55.6 


23 


6 


0.4 


5 



[0 0 4 3] 
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S2] 



Na 


j s y — - 


j r 






















i 
i 


75Cr 3 C 2 — 20Ni 

□LI 














o 
L 




i 

7 <k 




7ft PJ h 






tj 




IBI JrP- / 1/ 








in pull- 




A 


70Cr s C 2 — 15NI 








35—40 


10 EkLt 




*j 




0 3 2U3 

ZrQ* 






in mpi ± 












10—12 


\j 1 — 1 'i^inf 1 - 




7 












If] TplCj 1- 




o 
o 


N/PrAl Y 




'A O 




7ft h 




it 


Q 










1fl IpIPJ f 


in 










Ol 00 






11 


MCrAlX 




SV 2 0 3 • 
zrOj 




40—41 


10 Hj0Lh 




12 






90-11 


2 Brawn 




13 










33—38 


10 0£Lt 




14 


50Ni-50Cr 








41-44 


10 0J£l-k 




15 










30-35 


10 mm± 





<w*) (l) iiwaanio»*«s»fi**r D 

(2) JftK©af»***JIS H 8666«^<D#ffiK££. dOWKTHU x#+* 

«*aBapi«ioBija±<h«^Lfc B 



[0044] mmm 2 

d©^fiSM^fri— 73fRj?iaNiS^(8.0Cr-9.4 W-9. 
3Co -5.6A1 -0.7Ti-3.3Ta -1.56Hf-^Ni (wt%)) 
Klftfr (ttgl5mmX«^15mm) ©^MBP^»»fflS*^ 

)SLm mst^Tii5o°cx 9 hr©ftjs»^B»*ff a 

(a) 75wt%CrsC2 - 18wt %N i - 10wt%Cr^ 5 ft ^ 7 >^ 

— h(i50^m)cO_t^, aifHic^0B^^h^7°ra 
— h^LT300 |im Kdll 

(b) 70wt%CrsC2 — 20wt %N i - 8 wt%Cr— 2 wt%Ti - 18 
0 /xm <)^&27^3^ h±fo, 24wt%MgO • ZrOz 
^7^7^X^h7^ h£LT300 //in 

(2) Jt«Mo*»flOS 



(a) aiSHR^C^^rr^^n— h^LT300 

(b) glfHiOD^T^n^ h^LT300 
fffcSSXLfe^ 15wt%Ce0 2 • Zr02^^^^^^X^:h 
7^3- h^LT300 jLtm WcStC 

[0 0 4 5] g3^ ^C0liS*gm^:S^jL/cfe(DT\ 
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